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RESUMEN 

Resultados recientes de experimentos del fondo de microondas cosmico (FMC) prueban varias de las predicciones 
de la inflacion y descartan muchos de los escenarios de formacion cosmica altcrnativos. Dado el exito de la 
teoria, el siguiente paso obvio es probar la inflacion al filo de nuestras capacidades observacionales actuales y 
per venir. De acuerdo al paradigma inflacionario, las galaxies y su distribucion a gran escala son remanentes 
de la inflacion por lo que pueden ser estudiadas para explorarla mas a fondo, de la misma manera que un ffsico 
de particulas experimental estudia los remanentes de colisiones de alta energia. A continuacion hare un analisis 
de como estudios de subestructura galactica, galaxias, cumulos, cstructura a gran cscala y el FMC pueden ser 
usados para aprcndcr mas sobre la inflacion. 

ABSTRACT 

Recent results from cosmic microwave background (CMB) experiments verify several of the predictions of 
inflation, while ruling out a number of alternative structure-formation scenarios. Given the successes of the 
theory, the obvious next step is to press ahead and test inflation to the edge of all our current and forthcoming 
observational abilities. According to the inflationary paradigm, galaxies and their large-scale distribution in 
the Universe are remnants of inflation and can thus be studied to learn more about inflation in the same way 
that experimental particle physicists study the remnants of high-energy collisions. Here I discuss how studies of 
galactic substructure, galaxies, clusters, large-scale structure, and the CMB, may be used to learn more about 
inflation. 
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1. INTRODUCTION 

Inflationary cosmology (Guth 1981; Lindc 1982a; 
Albrecht & Steinhardt 1982) has in recent years 
had a number of dramatic successes. The inflation- 
ary predictions of a flat Universe and nearly scale- 
invariant primordial density perturbations with 
Gaussian initial conditions (Guth & Pi 1982; Hawk- 
ing 1982; Linde 1982b; Starobinsky 1982; Bardeen 
et al. 1983) have been found to be consistent with a 
scries of increasingly precise cosmic microwave back- 
ground (CMB) experiments (Miller et al. 1999; de 
Bernardis ct al. 2000; Hanany et al. 2000; Halverson 
et al. 2002; Mason et al. 2002). Theorists discuss 
open-Universe and alternative structure-formation 
models, such as topological defects, with far less fre- 
quency than they did just three years ago. 

Historically, when experimental breakthroughs 
confirm a particular theoretical paradigm and elim- 
inate others, progress can be made at the edges — 
i.e., precision tests of the new standard model. In 
the case of inflation, a number of important ques- 
tions should be addressed. For example, what is the 
physics responsible for inflation? What is the en- 
ergy scale of inflation? In particular, we really do 



'^California Institute of Technology, Pasadena, CA, USA 



not understand why the simple slow-roll model of 
inflation — really no more than a toy model — works 
so well. Might deviations from the simplest model 
expected in realistic theories lead to small deviations 
from the canonical predictions of inflation? For ex- 
ample, is the density of the Universe precisely equal 
to the critical density? Are there deviations from 
scale invariancc on small distance scales that arise as 
a consequence of the end of inflation? Might there 
be some small admixture of entropy perturbations 
in addition to the predominant adiabatic perturba- 
tions? Arc there small deviations from Gaussian ini- 
tial conditions? 

A variety of forthcoming CMB experiments will 
test the flatness of the Universe with additional pre- 
cision and determine the primordial spectrum of per- 
turbations with increasing accuracy. CMB exper- 
iments and galaxy surveys and weak-lensing maps 
that determine the mass distribution in the Universe 
today will test Gaussian initial conditions. Our un- 
derstanding of galactic substructure may shed light 
on the end of inflation. Experimentalists are begin- 
ning to contemplate programs to detect the unique 
polarization signature due to inflationary gravita- 
tional waves. 
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Fig. 1. Minimum inflaton potential observable at la 
as a function of survey width for a one-year experi- 
ment. The left panel shows an experiment with NET 
s = 25 fjK -y/iec. The solid curve shows results assum- 
ing no CS while the dashed curve shows results including 
the effects of an unsubtracted CS; we take ^fwhm — 5 in 
these two cases. The dotted curves assume the CS is sub- 
tracted with ^pwHM ~ 10' (upper curve) and 5' (lower 
curve). Since the dotted curves are close to the dashed 
curve, it shows that these higher-order correlations will 
not be significantly useful in reconstructing the primor- 
dial curl for an experiment similar to Planck's sensitivity 
and resolution. The right panel shows results for hypo- 
thetical improved experiments. The dotted curves shows 
results with CS subtracted and assuming s = 1 fiK ^sec, 
^FWHM = 5', 2', and 1' (from top to bottom). The solid 
curve assumes Sfwhm = 1' and s = 1 jjK y^sec, and no 
CS, while the dashed curve treats CS as an additional 
noise. The long-dash curve assumes CS subtraction with 
no instrumental noise {s — 0). From Kesden et al. (2002). 

Here, I briefly review several new probes of pos- 
sible relics of inflation; namely inflationary gravita- 
tional waves, non-Gaussianity, and galactic substruc- 
ture. 

2. GRAVITATIONAL WAVES AND CMB 

POLARIZATION 
One the most intriguing avenues toward fur- 
ther tests of inflation is the gravitational- wave back- 
ground. In addition to predicting a flat Universe 
with adiabatic perturbations, inflation also predicts 
the existence of a stochastic gravitational- wave back- 
ground with a nearly-scale-invariant spectrum (Ab- 
bott & Wise 1984). The amplitude of this inflation- 
ary gravitational-wave background (IGW) is flxed 



Fig. 2. CMB polarization power spectra. The long- 
dashed curve shows the dominant polarization signal in 
the gradient component due to scalar (density) perturba- 
tions. The solid line shows the maximum allowed curl po- 
larization signal from the gravitational- wave background, 
which will be smaller if the inflationary energy scale is 
smaller than the maximum value allowed by COBE of 
3.5 X 10^^ CeV. The dashed curve shows the power spec- 
trum of the curl component of the polarization due to 
CS. The dotted curve is the CS contribution to the curl 
component that comes from structures out to a redshift 
of 1; this is the level at which low-redshift lensing sur- 
veys can be used to separate the CS-induced polarization 
from the IGW signal. The dot-dashed line is the resid- 
ual when lensing is separated with a no-noise experiment 
and 80% sky coverage. From Kesden et al. (2002). 

entirely by the vacuum-energy density during infla- 
tion, which is proportional to the fourth power of the 
energy scale -Einfi of the new physics responsible for 
inflation. 

Gravitational waves, like primordial density per- 
turbations, produce linear polarization in the CMB. 
However, the polarization patterns from the two dif- 
fer. This can be quantified with a harmonic de- 
composition of the polarization field. The linear- 
polarization state of the CMB in a direction fi can 
be described by a symmetric trace-free 2x2 tensor, 



Qin) 
-U{n) sin( 



-f/(n) sin 6 
-Q(n) sin^ ( 



(1) 



where the subscripts ab are tensor indices, and (3(n) 
and U{n) are the Stokes parameters. Just as the 
temperature map can be expanded in terms of spher- 
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ical harmonics, the polarization tensor can be ex- 
panded (Kamionkowski et al. 1997a; Kamionkowski 
et al. 1997b; Seljak & Zaldarriaga 1997; Zaldarriaga 
& Seljak 1997), 

Im 

(2) 

in terms of tensor spherical harmonics, ^^^^^f, and 
^{im)ab- ^'^^^ known that a vector field can be de- 
composed into a curl and a curl-free (gradient) part. 
Similarly, a 2 x 2 symmetric traceless tensor field 
can be decomposed into a tensor analogue of a curl 
and a gradient part; the ^(f^)^^ and Y^f^^^^^ form a 
complete orthonormal basis for the "gradient" (i.e., 
curl-free) and "curl" components of the tensor field, 
respectively. The mode amplitudes in Eq. (|^) are 
given by 

«°™) = ^y'dnP,6(n)r(G^')''*(n), 

afim) = ^y'dfi7',,(n)rC4*(n), (3) 

which can be derived from the orthonormality prop- 
erties of these tensor harmonics (Kamionkowski et 
al. 1997b). Thus, given a polarization map Pab(n), 
the G and C components can be isolated by first 
carrying out the transformations in Eq. (||) to the 
^fim) ^^'^ ^fim)' ^^'^ then summing over the first 
term on the right-hand side of Eq. ^ to get the 
G component and over the second term to get the 
C component. The two-point statistics of the com- 
bined temperature/polarization (T/P) map are spec- 
ified completely by the six power spectra Cf^ for 
X, X' = {T, G, C}, but parity invariance demands 
that = Cf^ = 0. Therefore, the statistics 

of the CMB temperature-polarization map are com- 
pletely specified by the four sets of moments: Cj"^ , 
C'^^ , , and . 

Both density perturbations and gravitational 
waves will produce a gradient component in the po- 
larization. However, to linear order in small per- 
turbations, only gravitational waves will produce 
a curl component (Kamionkowski et al. 1997a; 
Seljak & Zaldarriaga 1997). The curl component 
thus provides a model-independent probe of the 
gravitational-wave background. 

In Kamionkowski & Kosowsky (1998) and Jaffe 
et al. (2000), we studied the smallest IGW ampli- 
tude that can be detected by CMB experiments pa- 
rameterized by a fraction of sky covered, the in- 
strumental sensitivity (parameterized by a noise- 
equivalent temperature s), and an angular reso- 



lution. We found that the sensitivity to IGWs 
was maximized with a survey that covers roughly 
a 5° X 5° patch of the sky (as indicated by the 
solid curve in Fig. |^) and with an angular res- 
olution better than roughly 1°. The smallest de- 
tectable energy scale of inflation is then i^infi = 

5 X 10i5(s/25/iK Vsec)^/^GeV. For reference, the 
instrumental sensitivity for MAP is O(100/iK y/sec) 
and for the Planck satellite 0(20 ^K ^sec). 

However, since then, it has been pointed out that 
cosmic shear (CS), gravitational lensing of the CMB 
due to large-scale structure along the line of sight, 
can convert some of the curl-free polarization pat- 
tern at the surface of last scatter into a curl compo- 
nent, even in the absence of gravitational waves (Zal- 
darriaga & Seljak 1998). This cosmic-shear-induced 
curl can thus be confused with that due to gravi- 
tational waves. In principle, the two can be distin- 
guished because of their different power spectra, as 
shown in Fig. ^ but if the IGW amplitude is small, 
then the separation becomes more difficult. Lewis et 
al. (2002), Kesden et al. (2002), and Knox & Song 
(2002) showed that when the cosmic-shear confusion 
is taken into account, the smallest detectable infla- 
tionary energy scale is ~ 4 x 10^^ GeV. 

The deflection angle due to cosmic shear can in 
principle be mapped as a function of position on 
the sky by studying higher-order correlations in the 
measured CMB temperature and polarization (Sel- 
jak & Zaldarriaga 1999; Hu 2001a; Hu 2001b; Hu 

6 Okamoto 2002; Cooray & Kesden 2002). If this 
deflection angle is determined, then the polarization 
can be corrected and the polarization pattern at the 
surface of last scatter can be reconstructed. Kes- 
den et al. (2002) and Knox & Song (2002) found 
that with such a reconstruction, the cosmic-shear- 
induced CMB curl component can be reduced by 
roughly a factor of ten, as indicated in Fig. |[ This 
then leads to a smallest inflationary energy scale that 
will produce a detectable IGW signal in the CMB 
polarization curl. The conclusion is that the CMB- 
polarization signature of IGWs will be undetectable, 
even with perfect detectors, if the energy scale of 
inflation is smaller than 2 x 10^^ GeV. 

Let us now suppose that this curl component 
was indeed detected. It would immediately tell us 
that the vacuum-energy density during inflation was 
(10^^-1^ GcV)"^, and thus that inflation probably had 
something to do with grand uniflcation. However, 
there is possibly more that we can learn. Since 
the unifying high-energy physics responsible for in- 
flation presumably encompasses electroweak interac- 
tions as a low-energy limit, and since the weak in- 
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Fig. 3. The solid curve shows a Gaussian distribution 
P{y) with unit variance, while the broken curve shows 
a non- Gaussian distribution with the same variance but 
10 times as many peaks with y > 3. This illustrates (a) 
how the cluster abundance can be dramatically enhanced 
with long non-Gaussian tails (since clusters form from 
rare peaks); and (b) that the dispersion of y for y > 3 
is much larger for the non-Gaussian distribution than 
it is for the Gaussian distribution, and this will lead to 
a larger scatter in the formation redshifts and sizes of 
clusters of a given mass. From Verde et al. (2001b). 

tcractions arc parity violating, it is not unreasonable 
to wonder whether the physies responsible for infla- 
tion is parity violating. Lue et al. (1998) and Lep- 
ora (1998) showed how parity-violating observables 
could be constructed from a CMB temperature- 
polarization map. Moreover, examples were pro- 
vided of parity-violating terms in the inflaton La- 
grangian that would give rise to such signatures by, 
for example, producing a preponderance of right- 
over left-handed gravitational waves. 

3. NON-GAUSSIAN INITIAL CONDITIONS 

The simplest single-scalar-field infiation models 
predict that primordial perturbations have nearly 
Gaussian initial conditions. A small degree of non- 
Gaussianity generally arises from self-coupling of the 
inflaton field, but this is expected to be very tiny 
(Salopek et al. 1989; Salopek 1992; Falk et al. 1993; 
Gangui et al. 1994; Gangui 1994). More compli- 
cated models of inflation, such as two-field (Bartolo 
et al. 2002), warm (Gupta et al. 2002), or curvaton 
(Lyth et al. 2002) models may have small devia- 
tions from perfectly Gaussian initial conditions, and 
higher-order calculations of perturbation production 
suggest that non-Gaussianity may be significant even 
in slow-roll models (Acquaviva et al. 2002). Al- 
though it is difficult, if not impossible, to predict the 
exact amplitude and precise form of non-Gaussianity 
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Fig. 4. Mass and formation-redshift contours in the size- 
temperature plane for fio = 0.3 and h = 0.65 obtained 
from the spherical-top-hat model of gravitational col- 
lapse discussed in the text. It is clear from the figure 
that a narrow (broad) spread in the formation redshift 
will yield a tight (broad) size-temperature relation. For 
larger fio, the 2/ = contour remains the same, but the 
spacing between equi-z/ contours increases. From Verde 
et al. (2001b). 

from inflation, it is certainly reasonable to search for 
it. 

Perhaps the most intuitive place to look for pri- 
mordial non-Gaussianity is in the CMB. Since the 
CMB temperature fluctuations probe directly pri- 
mordial density perturbations, non-Gaussianity in 
the density field should lead to proportionate non- 
Gaussianity in the temperature maps. So, for ex- 
ample, if the primordial distribution of perturba- 
tions is skewed, then there should be a skewness 
in the temperature distribution. Alternatively, one 
can study the effects of primordial non-Gaussianity 
in the distribution of mass in the Universe today. 
This should have the advantage that density per- 
turbations have undergone gravitational amplifica- 
tion and should thus have a larger amplitude than 
in the early Universe. However, we must keep in 
mind that the matter distribution today is expected 
to be non-Gaussian, even if primordial perturba- 
tions are Gaussian. This can be seen just by not- 
ing that gravitational infall can lead to regions — 
e.g., galaxies or clusters — with densities of order 200 
times the mean density, while the smallest under- 
density, a void, has a fractional underdensity of only 
— 1. However, non-Gaussianity in the galaxy distri- 
bution from gravitational infall from Gaussian ini- 
tial conditions can be calculated fairly reliably (for 
an excellent recent review, see, e.g., Bernardeau et 
al. 2002), and so the distribution today can be 
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Fig. 5. (a) Size-temperature distribution for LCDM and erg = 0.99 and Gaussian initial conditions. Each dot represents 
a simulated cluster, while the diamonds are data from MOO. The line shows the size-temperature relation expected for 
clusters today. Panel (b) shows the same except that here we use erg = 1.5. Panel (c) shows the same as in (a) but with 
the skew-positive distribution of Robinson et al. (2000). From Verde et al. (2001b). 



checked for consistency with primordial Gaussian- 
ity. In Verde et al. (2000), we studied the relative 
sensitivity of galaxy surveys and CMB experiments 
to primordial non-Gaussianity. We considered two 
classes of non-Gaussianity: in the first, the gravita- 
tional potential is written 0(x, t) ~ g(x, t)+eg'^(x., t), 
where g{x) is a Gaussian random field (so </> be- 
comes Gaussian as e 0); such a form of non- 
Gaussianity arises in some inflation models. In the 
second, the fractional density perturbation is writ- 
ten (5(x, i) — g{'x.,t) e(7^(x, t); this approximates 
the form of non-Gaussianity expected from topolog- 
ical defects. We then determined what the smallest 
detectable e would be for both cases for future galaxy 
surveys and for CMB experiments. We found that in 
both cases the CMB would provide a more sensitive 
probe of e. Conversely, if the CMB turns out to be 
consistent with primordial Gaussianity, then for all 
practical purposes, the galaxy distribution can safely 
be assumed to arise from Gaussian initial conditions. 

Experimentally, the bispcctrum from 2dF (Verde 
et al. 2002) and the Sloan Digital Sky Survey 
(Szapudi et al. 2002) have now been studied and 
found to be consistent with Gaussian initial condi- 
tions. A tentative claim of non-Gaussianity in the 
the COBE-DMR maps (Ferreira et al. 1998) in great 
excess of slow-roll-inflationary expectations (Wang 
& Kamionkowski 2000; Gangui & Martin 2000) was 
later found to be due to a very unusual and subtle 
systematic effect in the data (Banday et al. 2000). 

The abundances of clusters provide other av- 
enues toward detecting primordial non-Gaussianity. 



Galaxy clusters, the most massive gravitationally 
bound objects in the Universe presumably form at 
the highest-density peaks in the primordial density 
field, as indicated schematically in Fig. |[ Now sup- 
pose that instead of a Gaussian primordial distribu- 
tion, we had a distribution with positive skewness, as 
shown in Fig. ^. In this case, we would expect there 
to be more high-density peaks, even for a distribu- 
tion with the same variance, and thus more clusters 
(Robinson et al. 2000). Thus, the cluster abim- 
dance can be used to probe this type of primordial 
non-Gaussianity. 

Just as clusters are rare objects in the Universe 
today, galaxies were rare at redshifts z > 3. In 
(Verde et al. 2001a), we considered the use of abun- 
dances of high-rcdshift galaxies as probes of primor- 
dial non-Gaussianity. We also found an expression 
that relates the excess abundance of rare objects to 
the e parameter in the models discussed above and 
were thus able to compare the sensitivities of clus- 
ter and high-redshift-galaxy counts and the CMB to 
non-Gaussianity in the models considered above. We 
found that although the CMB was expected to be 
superior in detecting non-Gaussianity in the grav- 
itational potential, the high-redshift-galaxy abun- 
dances may do better with non-Gaussianity in the 
density field. 

In addition to producing more clusters, such a 
skew-positive distribution might change the distri- 
bution of the properties of such objects. In Verde 
et al. (2001b), we considered the size-temperature 
relation. If we model the formation of a cluster as 
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a spherical top-hat collapse, then the virial radius 
and the virial temperature can be determined as a 
function of the halo mass and the collapse redshift. 
We then modeled the x-ray-emitting gas to relate its 
size and temperature to the virial radius and temper- 
ature of the halo in which it lives in order to obtain 
better estimates for the x-ray isophotal radii and x- 
ray temperatures that are measured. Fig. |^ shows 
resulting contours of constant mass and constant col- 
lapse redshift in the cluster size-temperature plane. 
As shown there, halos that collapse earlier should 
lead to hotter and smaller clusters, and more mas- 
sive halos should be hotter and bigger. If the pri- 
mordial distribution is skew-positive, then the halos 
that house clusters will collapse over a wider range 
of redshifts, and as indicated in Fig. |[ this will lead 
to a broader scatter than in the size-temperature 
relation than is observed. In this way, primordial 
distributions with a large positive skcwncss can be 
constrained. 

4. BROKEN SCALE INVARIANCE AND 
GALACTIC SUBSTRUCTURE 

The final probe of inflation that we will discuss 
here is motivated by the galactic-substructure prob- 
lem. N-body simulations of structure formation with 
a standard inflation-inspired scale-free spectrum of 
primordial perturbations predict far more substruc- 
ture, in the form of dwarf galaxies, in galactic halos 
than is observed in the Milky Way halo, as indicated 
in Fig. I (Klypin ct al. 1999; Moore et al. 1999). 
Although a number of possible astrophysical mech- 
anisms for suppressing this small-scale power have 
been proposed (e.g.. Bullock et al. 2000; Benson et 
al. 2002; Stoehr et al. 2002), there is still no general 
consensus on whether they are sufficiently effective 
to eliminate the problem. 

Another possible explanation of the observed 
dearth of dwarf galaxies is a small-scale suppres- 
sion of power that could occur if the inflaton po- 
tential has a sharp feature, like that shown in Fig. 
|7| (Kamionkowski & Liddle 2000; Yokoyama 2000). 
According to inflation, primordial density perturba- 
tions are produced by quantum fluctuations in the 
inflaton, the scalar field responsible for inflation. 
Moreover, the details of the power spectrum P{k) 
of density perturbations (as shown in Fig. |^) is de- 
termined by the shape 1^((^) of the inflaton potential. 
The amplitude of a given Fourier mode of the density 
field is proportional to the value of V^^'^/V, where 
V' is the first derivative of the inflaton potential, at 
the time that the perturbation exited the horizon. 
In most models, the inflaton potential is smooth and 
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Fig. 6. The upper panel shows the power spectrum for 
an LCDM model (solid curve), for a model in which the 
power spectrum is arbitrarily cut off at fc = 4.5 h Mpc^^ 
(dotted curve), and the broken-scale- invariance inflation 
model (dashed curve). The lower panel shows the rms 
mass fluctuation as a function of the enclosed mean mass 
A'l for these three models. From Kamionkowski & Liddle 
(2000). 

this leads to a power spectrum of perturbations that 
is very nearly a power law — Ref. (Lidsey et al. 1997) 
explains very nicely how the amplitude and slope of 
the inflaton potential can be reconstructed in this 
case. 

However, suppose that for some reason there is 
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Fig. 7. An inflaton potential with a break in the first 
derivative. 
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Fig. 8. The cumulative number of mini-halos for the 
power spectra shown in Fig. ^ as a function of the circular 
speed Vc of the halo divided by the circular speed Ugiobai 
of the Galactic halo. The points show the Milky Way 
satellites. From Kamionkowski & Liddle (2000), after 
Moore et al. (1999). 

a break in the inflaton potential, as shown in Fig. 
|7[ and the slope increases suddenly as the inflaton 
roles down the potential. In this case, V' increases 
suddenly, and since the density-perturbation ampli- 
tude is oc l/V, the density-perturbation amplitude 
on small scales (those that exit the horizon last) will 
be suppressed, as indicated by the dashed curve in 
Fig. 1^. The wiggles in the dashed curve are ringing 
in Fourier space that results from the sharpness of 
the feature. If it is smoothed out, then a power spec- 
trum more like the dotted curve in Fig. ra becomes 



possible. 

With the three power spectra in the upper panel 
of Fig. ^, the rms mass fluctuation a{M) on a mass 
scale M can be calculated, as shown in the lower 
panel of Fig. ||. With the scale-invariant spectrum, 
a{M) keeps rising as we go to smaller and smaller 
masses, leading to substructure on smaller scales. 
However, if power is suppressed on small scales, then 
a{M) ceases to rise (or rises only very slowly) at 
small M implying the absence (or suppression) of 
halos of these small masses. 

Given a{AI) for these three power spectra, the 
abundance of sub- halos in a typical galaxy- mass halo 
of 10"'^^ Mq can be calculated with the extended 
Press-Schechter formalism. Results of this calcula- 
tion are shown in Fig. |[ As a check, the approxi- 
mation reproduces well the numerical-simulation re- 
sults for the scale-free spectrum. For the power 
spectra with broken scale invariance, the abundance 
of low-mass substructure is reduced and brought 
into reasonable agreement with the observed ten or 
so Milky Way satellites, without violating consis- 
tency with constraints from the Lyman-alpha forest 
(Kamionkowski & Liddle 2000; White & Croft 2000). 

Is such a break to be expected theoretically? 
Probably not, and there are probably simpler ex- 
planations for the shortfall that involve more con- 
ventional astrophysics. Still, these calculations show 
that by studying and understanding galactic sub- 
structure, we learn about the shape of the inflaton 
potential toward the end of inflation in a way that 
complements the information from earher epochs of 
inflation that comes from larger scales. 

5. COMMENTS 

In this talk, I have briefly reviewed several av- 
enues for probing some of the non-standard predic- 
tions of inflation. There are yet other tests — in par- 
ticular, searches for a small entropy component of 
primordial perturbations — that I have not had time 
to discuss. Since our current models of inflation, as 
successful as they may be in terms of the flatness and 
primordial perturbations, are really no more than 
toy models, any realistic model of inflation must be, 
in some sense, non-standard. Although I believe that 
forthcoming CMB satellite experiments are likely to 
further confirm a flat Universe, small deviations from 
the toy model must sooner or later arise. Unfortu- 
nately, no single inflation model is sufficiently well 
motivated to predict with any certainty the existence 
or detectability of any of these signatures. However, 
as we press forward with the study of galactic struc- 
ture and formation, large-scale structure, and the 
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CMB, we will inevitably develop the capabilities for 
learning more about inflation. 

I thank my collaborators on the work reported 
here, and I acknowledge the hospitality of the Kavli 
Institute for Theoretical Physics. This work was 
supported at Caltech by NSF AST-0096023, NASA 
NAG5-9821, and DoE DE-FG03-92-ER40701, and at 
the KITP by NSF PHY99-07949. 
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